Introduction
Adult BM contains both hematopoietic stem cells (HSCs) and non-HSCs or mesenchymal stem cells (MSCs). Friedenstein et al. 1 first proposed the concept that human postnatal BM contained a precursor cell for multiple mesenchymal cell lineages nearly 40 years ago. Since then, marrow stromal cells have been characterized, based largely upon their properties in vitro or following transplantation into animal models. 2 The term colony-forming unit-fibroblast (CFU-f) was coined by Friedenstein et al. 3 to describe cells isolated from the BM stroma, which are adherent, fibroblastic and clonogenic in nature. Under well-defined in vitro and in vivo conditions, a proportion of CFU-f can give rise to multiple mesenchymal tissues including bone, adipose tissue, cartilage, myelosupportive stroma, smooth muscle, cardiomyocytes and tendon. 4, 5 There are considerable inconsistencies regarding the terminology applied to cells derived from CFU-f. They have been referred to as BM stromal cells, stromal stem cells, skeletal stem cells, MSCs and many other terms. [6] [7] [8] For the purpose of this report, the generic term MSC will be used although it is acknowledged that this still requires consensus and the exact nature of these cells still requires clarification. Recent studies have shown that adult BM-MSCs differentiate not only into mesenchymal cells, but also into cells of other developmental lineages in vitro and in vivo. 9 When injected into early blastocysts, a single BM-MSC contributes to many somatic cell types including hematopoietic cells and the epithelium of the liver, lung, gut and kidney.
To date, controversy exists as to the exact identity of MSC, and they are usually defined in terms of their extensive in vitro self-renewal capacity and multilineage potentiality. 10 Most notably, very little is known about the precise characteristics of the stromal precursors in the BM responsible for initiating stromal cell growth in vitro. MSCs (and by inference CFU-fs) were defined as highly adherent fibroblastic cells. 11, 12 This has lead to the belief that CFU-fs are highly adherent fibroblastic cells resulting in limited studies into possible alternative phenotypes for BM-resident mesenchymal progenitors. Nevertheless, a few reports have shown that non-adherent BM cells (NA-BMCs) can give rise to CFU-fs in vitro [13] [14] [15] [16] and form skeletal muscle 17 and bone 18 after in vivo transplantation. Several reports have shown that fibroblast-like cells can be derived from peripheral blood of human, canine, guineapig and rat, 2 and can be mobilized from BM into the peripheral blood by cytokines, 19, 20 hypoxia 21 and acute skin damage. 22 All these observations imply the existence of an NA-BM-MSC population present in adult BM and the circulation.
SCT is a promising future therapy, 23 and BM-MSCs are particularly promising because of their availability, ease of in vitro expansion and genetic manipulation. However, despite extensive in vitro characterization, little is known with respect to their in vivo biology and therapeutic potential. 24 It is unclear whether MSCs reside in BM as adherent fibroblastic or NA round cells, whether they serve as a common stem cell for multiple lineages, whether BM-MSCs are a major source of adult stem cells and whether they migrate to various solid organs through the circulation to participate in regeneration.
To examine the potential role of NA-MSCs as pluripotent stem cells, we developed the 'pour-off' BMC culture method to determine whether NA-BMCs can give rise to CFU-fs, whether they can renew themselves and whether they can differentiate into multilineage cells in vitro. To further determine whether NA-MSCs can differentiate into multiple tissue types in vivo, NA-MSCs from wild-type mice were transplanted into radioablated vitamin D receptor gene knockout (VDR À/À ) mice. The absence or presence of VDR served as a convenient marker for host versus graft tissues, and organs from the lethally irradiated mice and from viable transplant recipients were analyzed.
Materials and methods

Animals
All animal experiments were carried out in compliance with and approval by the Institutional Animal Care and Use Committee. Mutant mice and control littermates were maintained in a virus-and parasite-free barrier facility and exposed to a 12-h/12-h light/dark cycle. VDR À/À mice were derived by homologous recombination in embryonal stem cells as described earlier (a generous gift of Dr Marie Demay, Massachusetts General Hospital, MA, USA). 25 The VDR genotype was determined by PCR as described previously.
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'Pour-off' BMC cultures Tibiae and femurs of 2-to 4-month-old male Wistar rats were removed under aseptic conditions and BMCs were flushed out with DMEM containing 10% FCS and 50 mg/ml ascorbic acid and 10 À8 M dexamethasone (Dex). A single-cell suspension was achieved by forcefully expelling the cells through a 22-gauge syringe needle. A total of 10 7 BMCs were cultured in 55 cm 2 petri dishes in 10 ml of the above mentioned medium in the absence or presence of 10 À8 M 1,25-dihydroxyvitamin D 3 . After 24 h, the NA supernatant cells were suspended by pipetting gently and then transferred to a fresh petri dish to form the first 'pour-offs'; adherent cells were cultured and the NA supernatant cells in the second 'pour-off' were obtained and cultured. This process was repeated daily for a total of four pour-offs. The medium was changed after 5 days. After 10 days, the cultures were washed with PBS, fixed and stained with methylene blue for total colonies. The number of colonies per dish was determined manually. The NA-BMCs in the supernatants from the fourth pour-off were also fixed and stained immunocytochemically for vimentin. Vimentinpositive NA-BMC cells and total cells were counted by image analysis, the percentage of vimentin-positive NA-BMCs was calculated and presented as mean ± s.e.m. of triplicate determinations.
Bromodeoxyuridine incorporation into NA-BMC cultures BMCs (2 Â 10 6 ) from Wistar rats were cultured in 36 cm 2 petri dishes in 5 ml DMEM containing 10% FCS, 50 mg/ml ascorbic acid and 10 À8 M Dex for 4 days. The NA cells in the supernatants were transferred to a fresh petri dish and cultured for another 24 h in the presence of 10 mM bromodeoxyuridine (BrdU). The cells were gently agitated and the NA cells were collected and centrifuged. After removal of the supernatant, the cell pellets were washed twice with DMEM and resuspended in culture medium. These cell suspensions were cultured further for 4 days and adherent cells were washed with PBS, fixed and doublestained for BrdU and vimentin.
Differentiation capacity of NA-BMCs
The differentiation of rat NA-BM-derived fibroblastic cells into osteoblasts, chondrocytes, adipocytes and glial cells was induced under different culture conditions in vitro. To induce osteoblastic differentiation, NA-BMCs from 4-day pour-offs were cultured for 18 days in DMEM containing 10% FCS, 10 À8 M Dex, 50 mg/ml ascorbic acid and 10 mM b-glycerophosphate and stained sequentially for alkaline phosphatase by hydrolysis of naphtholphosphate, calcium with alizarin red, collagen with Sirius red and total colonies with methylene blue for osteoblastic differentiation as described earlier by us. 27 Some cultures were stained for type I collagen or osteocalcin immunocytochemically. 27 For chondrogenic differentiation, NA-BMCs from 4-day pour-offs were grown as a pelleted micromass with the addition of 10 ng/ml transforming growth factor-b3. 4 The chondrocyte phenotype was confirmed by immunostaining for type II collagen. 28 For analysis of adipogenic differentiation, NA-BMCs from 4-day pour-offs were cultured as monolayers in DMEM containing 10% FBS and allowed to become confluent. The cells were cultured for an additional 7 days in adipogenic induction medium (1 mM Dex, 0.5 mM methyl-isobutylxanthine, 10 mg/ml insulin, 100 mM indomethacin and 10% FBS in DMEM) and adipogenic differentiation demonstrated by the accumulation of lipid vesicles (oil red O staining). 4 For neuroectodermal differentiation, NA-BMCs from 4-day pour-offs were plated on fibronectin with 100 ng/ml basic fibroblast growth factor for 2 weeks. The neuroectodermal differentiation was determined by the expression of glial fibrillary acidic protein, a specific marker of glial cells. 29 Preparation and characterization of donor cells Tibiae and femurs of 2-to 4-month-old wild-type male C57 BL/6J mice were removed under aseptic conditions and BMCs were flushed out with DMEM containing 10% FCS, 50 mg/ml ascorbic acid and 10 À8 M Dex. A single-cell suspension was achieved by forcefully expelling the cells through a 22-gauge syringe needle. A total of 2 Â 10 6 BMCs were cultured in 36 cm 2 petri dishes in 5 ml of the above-mentioned medium in the presence of 10 À8 M 1,25-dihydroxyvitamin D 3 . After 4 days, the NA cells (4-day pour-offs) were suspended and transferred to a fresh petri dish. To ensure that the recipient mice were injected with a population of cells enriched for mesenchymal progenitors, the cells were then cultured for a further 10 days after which the supernatant containing hematopoietic cells was discarded. The adherent cells were detached from the substratum by trypsinization, washed with normal saline three times and suspended in normal saline at 2 Â 10 7 cells per ml for transplantation. These cells were termed NA derived MSCs (NA-MSCs).
Transplantation of NA-MSCs into radioablated mice Fifty 2-month-old female VDR À/À mice underwent TBI with 1000 cGy at a dose rate of 100 cGy/min from 60 Co g-ray. Ten of them were used as non-transplanted controls and the other 40 were treated with transplants of NAMSCs from wild-type male C57 BL/6J mice within 3 h after irradiation. Control mice were injected with normal saline and the transplantation group received 2 Â 10 6 NA-MSCs by tail vein injection. These mice were monitored twice each day, dead mice recorded and survival rates calculated. Peripheral blood cells from mice preirradiation and in surviving mice 10 days, 1, 2 and 3 months after irradiation were collected in EDTA tubes and analyzed using a Vet ABC Hematology Analyzer (Scil Animal Care Company America Inc., Grayslake, IL, USA). Each value is presented as the mean ± s.e.m. of determinations in six mice.
Detection of VDR gene in surviving VDR
À/À NA-MSC recipients Heart, spleen, liver, kidney, lung, intestine, peripheral blood and BM were harvested from the surviving VDR À/À transplant recipients or unirradiated VDR À/À mice and frozen for DNA isolation. The VDR gene from all the organs was screened by PCR as described in the genotyping for mice.
Histopathological analysis
Various organs from dying non-transplanted control mice, surviving VDR À/À transplant recipients or wild-type mice were removed, fixed and embedded in paraffin. Paraffin sections were cut and stained with hematoxylin and eosin and immunohistochemically for VDR as described previously. 30 Immunocytochemistry and immunohistochemistry Cultured cells in petri dishes or paraffin sections were stained immunocyto/histochemically for vimentin, BrdU, type I and II collagen, osteocalcin and VDR using the avidin-biotin-peroxidase complex technique. 27, 31 The following antibodies were employed: mouse anti-vimentin monoclonal antibody (Medicorp, Montreal, Quebec, Canada), mouse anti-BrdU monoclonal antibody (Sigma, Ontario, Canada), affinity-purified goat anti-human type I collagen antibody (Southern Biotechnology Associates Inc., Birmingham, AL, USA), rabbit antiserum to C propeptide of type II procollagen (courtesy of Dr AR Poole, Shriners Hospital, Montreal, Canada), goat antimouse osteocalcin (Biomedical Technologies Inc., Stoughton, MA, USA) and rat anti-VDR monoclonal antibody (Chemicon International Inc., Temecula, CA, USA).
Detection of apoptotic cells
Dewaxed paraffin-embedded sections were stained with an in situ cell death detection kit (Boehringer Mannheim, Laval, Quebec, Canada) as described earlier. 28 Briefly, following treatment with 3 mg/ml of proteinase K for 20 min at room temperature, the sections were incubated with a TdT-mediated dUTP-biotin nick end labeling (TUNEL) reaction mixture for 60 min at 37 1C. Sections were then incubated with Converter-AP (Sigma, St Louis, MO, USA) for 30 min at 37 1C, and alkaline phosphatase was visualized after 10-15 min of treatment with Fast Red TR/Naphthol AS-MX phosphate (Sigma) containing 1 mM levamisole as an endogenous alkaline phosphatase inhibitor. Sections were counterstained with methyl green and mounted with Kaiser's glycerol jelly.
Statistical analysis
Data are presented as mean ± s.e.m. Statistical comparisons were made using a two-way analysis of variance, with Po0.05 being considered significant.
Results
Non-adherent BM-MSCs are present in adult bone
Owing to the lack of markers for MSCs, NA or otherwise, it is not feasible to assess their numbers directly in intact bone tissue. To identify these cells, we developed 'pour-off' NA-BMC cultures similar to the preplate method used to identify myogenic precursors. 32, 33 Using this method, we found that not only do total BMCs give rise to CFU-fs, but also the NA fraction ('pour-off' NA-BMCs) also gives rise to CFU-fs, indicating the presence of 'non-adherent' mesenchymal progenitor cells. This was demonstrable for at least the first four transfers; however, there was usually a decrease in the numbers of CFU-fs in the first pour-off (Figure 1a , upper panel and Figure 1c) . We have previously shown that the number of CFU-fs increases in ex vivo BM cultures shortly after the administration of 1,25-dihydroxyvitamin D 3 . 34 This occurs before the increase in osteoblast numbers, suggesting that 1,25-dihydroxyvitamin D 3 may be involved in regulating the proliferation or recruitment of BM-MSCs. To test this, we examined the effect of 1,25-dihydroxyvitamin D 3 on colony-forming frequency. We found that the treatment with 1,25-dihydroxyvitamin D 3 led to a progressive increase in colony number with successive pour-offs (Figure 1a , lower panel and can self-renew, cells were double-labeled for both BrdU incorporation and vimentin. The results showed that most NA-BMC-derived fibroblast-like cells were positive for both vimentin and BrdU (Figure 1e ), indicating that NA-BM vimentin-positive cells can replicate themselves in the NA state and that some of them then form adherent fibroblastic cells with the capacity of self-renewal, whereas the others remain in an NA state.
It is well known that MSCs are multipotent 4 and this was also found to be the case for NA-BMC-derived fibroblastic cells. When NA-BMCs from 4-day pour-off cultures were seeded and cultured for 18 days in 10 À8 M Dex, 50 mg/ml ascorbic acid and 10 mM b-glycerophosphate, most colonies expressed alkaline phosphatase and some formed collagenous calcified nodules (Figure 2a adipogenic medium, fat droplets gradually accumulated within the fibroblastic cells (Figure 2d ) ultimately to form large round adipocytes (Figure 2e ). When NA-BMCderived fibroblastic cells were grown as pelleted micromass cultures in the presence of 10 ng/ml transforming growth factor-b3, a cartilage-like tissue with type II collagen deposition was formed by the NA-BMC-derived fibroblastic cells (Figure 2f ). For neuroectodermal differentiation, the NA-BMC-derived fibroblastic cells were plated on fibronectin with 100 ng/ml basic fibroblast growth factor for 2 weeks, and the neuroectodermal phenotype was determined by the expression of glial fibrillary acidic protein, a specific marker of glial cells. The results showed that the fibroblastic cells gradually sprouted more processes and formed nerve-like cells. The majority expressed glial fibrillary acidic protein and displayed the phenotype of glial cells (Figure 2g ).
Transplantation of NA-MSCs rescues lethally irradiated mice by regenerating the hematopoietic system and repairing damaged tissue
To determine whether the NA-MSCs can differentiate appropriately and become engrafted into multiple tissues in vivo, NA-MSCs from wild-type mice were transplanted into the VDR À/À mice that had received a lethal dose of radiation. NA-BMCs from 4-day pour-offs from male wildtype mice were cultured in vitro for 10-12 days and used as donor cells. These donor cells had a fibroblastic morphology and expressed vimentin (localized to cytoplasm) ( Figure 3a) and VDR (gray, localized to nuclei) ( Figures  3b and c) . The vimentin-and VDR-positive cells were fibroblastic in morphology and negative for CD34 (Figures  3d and e) . When the mice were irradiated with a 10 Gy dose, all control mice died within 2 weeks. However, following transplantation of 2 Â 10 6 NA-MSCs by tail vein injection, 75, 65 and 60% of lethal dose-irradiated mice were viable at 1, 2 and 3 months, respectively (Figure 3f ). The numbers of WBCs (Figure 3g ), RBCs (Figure 3h ) and blood platelets (Figure 3i ) all dropped dramatically at day 10, but recovered to near normal levels by 1 month after the irradiation in viable recipients.
To determine whether lethally irradiated mice had incurred hematopoietic system ablation and whether the hematopoietic system had been regenerated by NA-MSC transplantation in the surviving recipients, femurs, spleen and other organs from lethally irradiated mice and from viable transplant recipients for 2 months were analyzed histopathologically. BM from the lethally irradiated mice was severely hypoplastic (Figure 4a) , with only some fibrillike tissue remaining (Figure 4c ). The majority of residual marrow cells were apoptotic as demonstrated by TUNEL staining (Figure 4e ). In addition, splenic lymphoid tissue was replaced by fibrillous tissue in the lethally irradiated mice (Figure 4g ). In contrast, after transplantation, the hematopoietic system including both BM and spleen had been regenerated in surviving recipients (Figures 4b and h ) and few apoptotic BMCs were detected (Figure 4f ). The lymphoid tissue was also reconstituted in the spleens of viable recipients (Figure 4h ). In addition, extensive necrosis was found in gastrointestinal epithelium (Figure 5a (Figures 6b-d, middle  panel) . These results indicated that donor NA-MSCs not only contributed to hematopoietic system reconstruction, but also took part in the repair of gastrointestinal epithelium in the lethal dose-irradiated mice.
Discussion
Although there is a very large literature concerning MSCs, their biology and their possible therapeutic applications, these reports deal almost exclusively with entities that have been expanded and characterized in vitro. In comparison, vanishingly few studies have examined MSC in vivo and, as a result, the in vivo phenotype of MSC remains unknown. 24 In this study, we have demonstrated that CFU-f/MSC can be derived not only from total BMCs, but also from the NA fraction of BMCs. Furthermore, we also demonstrated that these NA progenitors can proliferate in suspension and that NA-BMC-derived fibroblastic cells can differentiate into osteoblasts, adipocytes, chondrocytes and glial cells under various inducing media in vitro.
The presence of NA mesenchymal progenitors in BMC has been previously demonstrated and it has been suggested that the transformation from NA to adherent phenotype might be involved in the actions of bone anabolic drugs such prostaglandin E 2 and parathyroid hormone. 16, 35, 36 Here, we demonstrate that another bone anabolic drug, 1,25-dihydroxyvitamin D 3 , 34 can also act through these NA progenitors by stimulating their self-renewal in suspension. The CFU-f-forming frequency of the NA-BMCs was increased by treatment with 1,25-dihydroxyvitamin D 3 . This was because of the proliferation of NA-BMCs as demonstrated by double staining for vimentin and BrdU. Previous studies have identified the capacity of 1,25-dihydroxyvitamin D 3 to enhance the proliferation of MSCs 12 and our studies are consistent with this. Although 1,25-dihydroxyvitamin D 3 facilitates the expansion of BM-MSC, the absence of either 1,25-dihydroxyvitamin D 3 or VDR does not appear to impede normal tissue and organ growth and development in mice with targeted deletion of the 25-hydroxyvitamin D 1a-hydroxylase enzyme 37 or VDR, 25 respectively. This suggests multiple mechanisms of action, and the mechanism by which 1,25-dihydroxyvitamin D 3 upregulates CFU-f formation is currently under investigation.
As the exact phenotype of the NA mesenchymal progenitors is unknown, for transplantation purposes, we selected for an MSC-like phenotype by allowing the cells to adhere to tissue culture plastic. Despite this, their incorporation into developmentally diverse tissue types suggests that these cells are at an earlier stage of differentiation than MSC expanded in vitro. A similar approach has been used to generate early progenitor cells from skeletal muscle where the cells are 'preplated', a procedure similar to the 'pour-off' culture described above. 32, 33 These 'preplate' cells are multipotent in vitro and are capable of inducing tissue regeneration in vivo although to our knowledge this has been restricted to mesenchymal tissues. 38, 39 A similar NA proliferative phenotype has been described for CD133-positive BM-derived progenitor cells although these were shown only to differentiate along hematopoietic or endothelial lineages. 40, 41 As transdifferentiation between endothelial and mesenchymal cells is well established, the NA mesenchymal progenitors described in this report might well be related to such a population of cells. irradiated VDR À/À mice. NA-MSCs derived from wild-type (VDR þ / þ ) mice were transplanted into VDR À/À mice and the VDR used as marker to track the distribution of donor cells in VDR À/À recipients. On account of the destruction of the hematopoietic system, intestinal necrosis and injury of multiple other tissues, all irradiated mice died within 2 weeks. However, following transplantation of NA-MSCs, the number of WBC, RBC and platelets recovered to near normal levels by 30 days after the transplantation, and 60% of the mice survived for at least 90 days. The expression of the VDR gene in various tissues of viable VDR À/À recipients (for example, BM, spleen and small intestine) demonstrates that NA-MSCs can be transferred to various tissues through the circulation, differentiate into the mature cells of these tissues and regenerate the hematopoietic system and other damaged tissue of the lethally irradiated mice.
There is a long-standing controversy as to whether a single BM-derived cell type can differentiate along both hematopoietic and mesenchymal lineages. 43 However, other recent in vivo studies have supported the 'common stem cell' hypothesis, 9, 48 with the transplantation of single MSC from adult BM into early blastocysts becoming incorporated into most, if not all, somatic cell types. On transplantation into a non-irradiated host, MSCs engrafted and differentiated to the hematopoietic lineage, in addition to the epithelium of the liver, lung and gut, and this is increased when MSCs were transplanted into a minimally irradiated host. Our results are consistent with previous reports as transplantation of NA-MSCs into lethally irradiated hosts was sufficient to reconstruct the haematopoietic system and the damaged gastrointestinal tract was also repaired with the donor cells visibly contributing to the regeneration process. Nevertheless, the cells we used for transplantation were not totally homogeneous and may have been contaminated by a few HSCs. Our results, however, are supported by previous studies of Verfaillie's group 48 that demonstrated that multipotent adult progenitor cells, isolated from green fluorescent protein-transgenic mice and expanded in vitro, were capable of multilineage hematopoietic engraftment of immunodeficient mice. As green fluorescent protein þ host-derived CD45.1 þ cells were not observed, HSC-multipotent adult progenitor cell fusion or contamination was not believed to be likely to account for the generation of HSCs by multipotent adult progenitor cells. Nevertheless, further studies will be required to confirm that our NA-MSCs represent common stem cells once specific markers for NAMSCs are developed.
Our in vivo results may provide important progress in achieving critical clinical applications of SCT. Thus transplantation of autologous or allogeneic pluripotential NA-MSCs derived from adult marrow may be capable of reconstituting both the hematopoietic cells and their associated BM microenvironment 9, 49 and be therapeutically useful to treat radiation-induced tissue injury or tissue injury caused by high-dose chemotherapy in cancer patients. In addition, the unique immunological properties of MSCs might facilitate engraftment and reduce GVHD. 50, 51 In our studies, lethally irradiated mice transplanted with total BMCs showed similar survival (75%) after 1 month to lethally irradiated mice transplanted with NA-MSCs, but the animals receiving total BMCs died after 2 months in contrast to a 65% survival rate after 2 months in animals receiving NA-MSCs (data not shown). These results suggest that the transplantation of NA-MSCs may cause much less GVHD compared with the transplantation of total BMCs.
These data suggest that the debate regarding the exact nature of mesenchymal progenitors within the BM should be revisited. As mentioned above, the defining criteria for mesenchymal stem/progenitor cells relate entirely to their in vitro behavior. 10 The 'stem cell' status of MSCs grown in vitro is also debatable as they are not immortal 52 and rapidly lose their phenotype with passage, 53 and an alternative suggestion is that MSCs in vitro represent the transit amplifying progeny of an unidentified stem cell present only in vivo or ex vivo. 54 Attempts to reclassify MSC more in line with their real nature have been made with suggestions such as multipotent mesenchymal stromal cells 10 and BM multipotential mesenchymal progenitor cells; 55 however, these have not met with widespread acceptance in the field. 6, 7 There is now ample evidence suggesting the existence of a mesenchymal progenitor or stem cell population in vivo with a phenotype that differs fundamentally from the criteria commonly used to characterize MSC. We and others have demonstrated the existence of non-adherent cells in mesenchymal tissues that are apparently at an earlier stage of differentiation than MSC. 13, 14, 16, 18, 39, 43, 56 More recently, a population of 'Very Small Embryonic-Like (VSEL) Stem Cells' has been isolated from BM and other adult tissues. 57, 58 These cells express embryonal stem cell markers including SSEA-1, Oct-4 and Nanog and have similar pluripotent characteristics to embryonal stem cells. However, they cannot be easily maintained in culture as they are required for coculture on a feeder layer or the use of spheroid cultures. It is evident that primitive BM stem cells do exist and that the real challenge with regard to their clinical use is the development of cell culture models that allow their expansion in vitro. The pour-off technique described here might represent such a model.
In summary, our studies suggest that adult BM harbors pluripotent NA BM MSCs, which can migrate in vivo to body organs through the circulation. In an appropriate microenvironment, they can adhere, proliferate and differentiate into specialized cells of the target tissue and function in tissue regeneration. Such cells should prove highly useful to further the study of the biology of MSCs and may have important therapeutic implications.
